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(57) Abstract 

PROBLEM TO BE SOLVED: To make the fight emission 
of an active layer uniform and to make it possible to 
acNeve the low thresliold current, the low operating 
voltage and the high r^iabrlity by selecting the optimum 
place and conditions without generating defects in a 
muftilayered structure for changing or grovung 
temperature, pressure, the flow rate of canier gas such as 
hydrogen and the like in the growing of a dad layer having 
a specified expression. 

SOLUTION: A semiconductor light emitting device has the 
band structure or the GaN-based muftilayered stnicbJre 
including an InGaN/lnGaN (In composition 20%/30%) 
MQW active layer, a GaN wave guide layer and an MGaN 
clad layer. In tNs manufacturing method, during ttia growth 
of the dad layer comprising ln^Ga^Af^B^^y_^N (02x,y,z21, 0 

2x+y+z21), ttie growing temperature or the pressure in a 
growing tank is changed from the first temperature to ^e 
second temperature or from the first pressure to the 
second fvessure. Then, the changing of the temperabjre 
and g3s is performed during the growing of a p-AIGaN 

dad layer. Thus, the defect density is decreased, the 
efficiency of the GaN-based semk:onductor is improved 
and the threshold current is decreased. 
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t:±g»p-GaN^¥S6®tp-AlGaNi'7s' KJit 
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In, Ga, Al. Bi-x-,.. N (O^x, 

Iiix Ga, Al, Bi-x-,— N (O^x^ y, 

1, O^x + y+z^l) 3Ep?>&Si'^s/b-i@®jgS:^ttJ 

m^m 3 ] ssiRjg 1 mmom^^^ntz^^^mt. 

Inx Al, Ga, Bi-x-,-. N (O^x^ y, z^ 
1> O^x + y + z ^1) 3!pe)^5'!'^ h*iiCDfi2:gtfi 
t.' BugH^-\' 1 <D^m.<DmiZ^ 1 co^^f 'J 

In« Al, Ga. Bi-x.,.. N (O^x, y, zg 
Iv Ogx + y+z^l) ipe.«:52l^iS®©fig^4'K:. 

Inx Al, Ga. B,-x-,-. N (O^x, y, z^ 
Ix O^x + y + z^l) 3tP6*:5^'^^'Kiilc:KggU 
TJgfiE^nfe I nu Alv Ga« B,-u.v-^ N (0^ 
u> V, w^l, O^u + v + wgl) jEp^jftiS^SSSfe 

H5s2S»KSfe^Jgt:mglOTm^nfcIn, Al. Ga 
t B,-r---t N (Ogr. Sx t^l, O^r + s + t 
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S ^1 S i»i (Z) ® hfc^ T S d t S i^St i: S ^ 

SrjgeSiSSi:. Inx Al, Ga, B,-x.,_. N (0^ 

y, z^K 0 ^x + y+ z g 1) 
KJlfc^HtCx In^ Alv Gav Bi-.-v-«N (0^ 
V. wgl, O^u + v + w^l) 

[0 00 1] 

!Nft::GaNlf^W^fe^^^{4;ix-if 
(WTLDtlBSIfp) , S&ttGaN^i^jWS^^fe^^ 

[0 0 0 23 

[i»©iS0&] ia^, GaN, InGaN. AlGa 
InAlGaN^©GaN5^fb^if£^^<*;i»s, jij^g 

CO 0 0 3] C^g^^^^Jt^^®^^,^LD$^fe7^^:;:^^^ 

x^^<Dx. ^Kmmmm.^^-r^(D{:imibxm^x 

30 \^ttL\^<DifiWtKX^^^ 

[0 0 0 4] Mg$:^Aa-rsci:k:J: Sgi6Tp^G 
aN (UTp-GaNtBS^fi;) cDJKsEtc^iijUTJ-:^3|5. 

. t:ii}(o<7). ^^^m-t^^'$'<<Dmmifim^Hx^^:s>c 
[0 0 0 5] ^tfLmmf^fDi-othx. ^m<DGaf^m 
<h'^^m<^m<D^^mmi^:^^^x. iKm^^Miz-^ts 

40 [0 0 0 6] za>^^(D^m~^i±. m^mtm^io 

^M^^ifil 6 O'C— 8 0 0*Ci:i§$^f ■Si'^ KM® 

[0 0 0 7] mn^n-mmizt6\-f^^mm&cD]^\^^m^i)^ 
50 i^xm^mommf^st^t^ifi^i^-tu*).^^^co 



(3) 



10-290027 



[0 0 0 8] Y-Mmmmi&<tM. « 

STttp-AlGaN. X{±p-GaN*»&3&:5ig8Sg 
[0 0 0 9] f ftfc*, iie3!£0GaNiSiMSft:^3tgg 

tOOlO] coj;-5C:. ti£*ifc5=-<;:ti?^Cic£;ffl^n 
LD, i^0aff^&LED$:|^;^t5&©K:H:. GaN 

10011] 



[0 0 1 2] ^m(±±m<DmjsjSim^t-<<tt^ti 

Tziior. GaNs^s($^itse®iggff$at0® 

l/gt^fllSil. i&HlWmE. ^mi^^OG aU^^L^^ 
t0013] 

[0 0 14] mmommiftmm. m&&<Di^ 



too 15] *fc*ig^©^ii0:|git^gu, mmo 

^fifi* ^tflfHJgS G a N^L D©S«^^;g£ojg^ 
t^S;5T<):9i:t-54i©T$So ttzA^^yrB^ij^i, 

[0 0 1 e] mm{i:^mo:}mmmm0m 

Ga, Al, Bi-«-,.. N (O^x, zgl, 0^ 
x + y + z^l) iPe.J5;5^7«^K/i®fig^cjiEC, figg 
MlX*±5S^f^©flE:*; 1 ©iagip 6^2 cDiifi, 
Xl±^ 1 ©EAiPf,^ 2©fiE:*3tia;()0^5xg$^tr 

-to 0 1 7] tfc. xiicti 

e©ii^:tf;^*> 6 U T^tf;? 1 SOt^ 2 ©^ 
■i'U7':if;^i:U Sl©M;£:tt5fl{i8B^l©+^u 
^:^f;^S^^^TInx Ga, Al. B._,4-. N (0^ 
20 X, y, 2^1, O^x + y+zgl) ip'^fes^^,^ 
Kffl©^g*t:, miia=^-^V7':tf;^£^2©JSfi&Wt 
51556^ 13itf|g2©:^-v >;T;?f;^©V»-rn)!i»iciig»)# 

«iffl^-t'';T^f;^(±*3S©&figtfig<; ^2©^+u 

[0018] *^^©4^^|ft^jsssa0Kig;&&tt, I 
n. Air Ga. B, N (O^x. y, 2^1, 

o^x+y+2gi) i?^i3izmmm^^i^. 
30 tszt^mLtt?>. 

[0 0 19] *SB9©i|i3ft^)egEi±. In. Al, 
Ga. B, N (Ogx. y, z^i; Qgx + y 

nuAlv Ga. B,_„_v_v N(0^u> v, w^l, 

Q.gu+v+wgi) ^^u^mmm^Bt. mmnm 

mMmmVxm^&hfzlnr A1, Gat B 
i-r-.-t N (0$r. s. tgl. Ogr + s + tg 

iit^T, ^ti^*i±®tTO&®rtK:^^n5«©® 

[0 0 2 0] ztL^m^x. mmmmmmx-it 

[0 0 2 1] Sfc*^^®i|i«ft^)(s^g{±, f^^fs 
In, Al, Ga, Bi-,:,_, N (Ogx, y. 2 
Ogx + y+zgl) ipe.&5^'7.>'Kli:©K 
50 Inu Al, Gaw B, n (O^u, v, w 
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[0 0 2 4) 01 6iZ^stGa.N^i^m^^jftmWi<D^ 
WmU. InGaN/InaaN@^&^ (Iniffifi£Jt2 

o%/3%®MQw (^M^#P) ^m) fB^me. G 

aNS?S£®5:5l57, A 1 GaN3Cpe,«:5ii?5 Hjf 4 

[0 0 2 5] i'^5'H;i4. 9t±^$!)i^®#ij6S;fc;§<. 

fiSI*^:® 6 ^CD>^S!j=5:^m U t ^ U 
ff^o HagSGaN^iji^St«:^^^HIJ, TSUtn-Ga 

Nnv^'^' hg2&:tU GaN5S^®^jg^^*;3bi-y-7 

JKl 1 tJ;()?i5jE£^nfc:^ K^^7'£fflV*T^jKSE® 

[0 0 2 6] 13 1 6 K:^-r«ilg®tiA>, 

»fi}ig;£W1-S*)CDt::*Mffl1-S;ii:ii*T#S, Ell 6 
t^^i^tr, $£3le®GaNJ^#5S^%3teSEti. ^Jg 
«itOJ5K^aT±g|J^¥«yg 7tp-AlGaN^^'y 

[0 0 2 7] ^'^yHJi. ^iSii, ^tej@£^tf4'-9 
©GaNm®^Jgfilii©a^i*;u^-M>KffiigE|4:, m 
OCVD (Metal-Organic Chemical Vapor Deposition 

) tC<t5t»®^m^ii©fiEM^f^i:i&mbT01 
7tC^-r* C:^iCj@^&? (WTMQW: Multi-Quantum 
Wellfctqi^) ipe,:&5Sf4|g6®«m: m^2nm<D 

n^S^trffS 4 nmcorv H— n no. oaGao. 9iN^ 

[0 0 2 8] SI 7tCji^-rj;^C. 

a^&7 6 0-C~7 8 O-Chtfc^fifjfgiat^U A^o^r-^'U 

U MQW^3tO±(C-^©J?$0GaN (^^gygO- 

£1 1 0 O'CtAlGaN^^CDfiSStCJSb&^Jglfel^f: 
tC LT ^ M Q W^it A^^^b-r S C: il ttJfe V^o 
[0 0 2 9] CCt, J!itT®S-l^®fl5Jgi:S&g!{cMii 
fSfcto. GaN±CDAlGaNcD^7^DJ.l^^':i^->-^ 



[0 03 0] ^1 7tc^-r<t-5S::. p-GaNm^t 
p-AlGaN^^•;;^•;gi:®J^®tiiV^T. 

2 ®«J#^tt^B#P^{CfT6n5Ai, 7 6 owe, 1 I 0 

[0 0 3 1] GaNtAlGaNtiD^T^n^mX^^ 

:gUfcAlGaN(Z)igffi^4a:;fc;t<®TU SfcguiaA 
lGaNfc®|^®{c*Jit5pSb*— 
*^«e?)eT1-So t«oTGaN±©AlGaNi:cp^7^ 
AlGaNj5E:^®^i@|fe{ifit::M^UT 

[0 0 3 2] lai 7tC*SV^T. p-GaHmimomM 

20 Ur:tf:^H3 ©i«tM®^i^A 1 GaNJ5B:g0gMS-c 

{WAlGaNjEKg®gjgfii[lrjiJ^^5©i£^oTs A 
lGaNj5g:gfflM3|4:tf;:^£:^-^i;r;!f^Ha tiiSAU 
A 1 GaN®:iitr^':^S^-\';i/J5gS$^$gt-So 
[0 0 3 3] ^©J;^K:, miffJa:|^@?^a^f&S&K>^ 
^ CI 1^® 1 43 V ^ T — ^I^H 1^ i' -^-iWR:^^ tfiBf -r 

nts. ^<omm^htii^GeLNf^m(DmmttmniJ^^ 

30 [0 0 3 4] GaN^®ttAlGaNS®tClfc^T^ i§ 

^rsfeto. El 6fc^^t-j;-5ic, m^p-GaNm-f^ 

CO 0 3 5] i:X±. EESra^iiH. ii 3^ G a N 

feSNHa (Onmtifi. ^^RSmS0iSV^ 

l^®iS8 0^^:c^^lc||^f 5. -?©{fe®Ga, Al ■ 

40 xii:h-~/\>ht.i.xm^^=h^m^omniJ:^o:)mm^ 
nmtt^mm(D<t-^<om^tt\z-^t>-^xmm-rH^x 

[0 0 3 6] 3i^©fi£:^lfef^lc*>ltSfKg|f®jEE:^i:^ 

Stc^-^, NHa OSaM$nffi!)^fclfp-ffl!J©A 1 
GaN:^-^'^ K®(D5E«(Dl^(;:H:;g< L, MQWfSfSjf 
i:-e®^ffiy©GaN^|js;iCDj52:^<;DjSfc:H:e<i-5o ^' 
coX^iZAlG&Ni^^^y KJgi:GaN^liSySi:©-^7^ 
50 Dl^a-c-NH, ©8i£S&:A;4gt:t0i]|fe^mi.-t!lg3-^7^" 
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N (Ogx. y. zgl, 0 
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> Al, Ga. B 



[0 03 7] m^^cDBiJ^r\ftit£mt^mVim^m gx + y+zgl) . i'^y KJihLTIn. Alv G 

tQanm^om^^ifii&n^mifi. AlOaNd' a. B,-„-v-. N (Ogu. V, wgl, Ogu + v + 

7^yYmt(0m^-V&t!t:^&^^*)^X. NH 1) . n V^i' h/gi: I iir A 1. Gat B 

s ®?l!tfi4>^^i^AlGaN4?7^vFii®J5E^t3M'&-5 i-r-.-t N (0 g r, s. t^l, O^r + s + t^ 

m'^izmr)^xwH\tt£^f3i\^(7:)r\ m^(Dmmjm i) ^m^^r. x. y. zsy^u, v, wsu=rs s, 

t0 0 3 83 tie3l6fTbnT$&J;5t. AlGaN^^ UTgiift;-r5Ci:t J; ()f#SC:tiSTtS. 

^j}^mtGeLlim)&mtO^^a^mr-0S.M.mB. [OO45] Jil.T^ fSt^gA^InGaN, #a[0tfGa 

aS^IDI&^niS, ^T-o^®t:^52&|£O^SSi)S^SA$ Kin, 6a, -X N (0<x^0. 1) ^Z)ii■^t^4^^f S 

■**. ©^^l^^^^^fcSs®SM:)^&^::ov^Tlf^H^1-5o site 

[0039] Xiyi^^tS^Ufcl^HISMfflfga:, ^ffl^ InGaN/InOaN (I n«im2 0%/3 %) MQ 

:S©iJiESft<tDGaNM«4Lfc^RSSai:LT. WS^^Jg, GaN$^M. A 1 GaNi'^s; HM^^tf 

AlGaN^'^y' K^tcgXUfc^mi5BS®^V^#®Ji GaNM^M^ii®^^> K*flith> MOCVDffit^J;* 

[0040] ^ •j'i'it^Lfe^®^:^®^^^:^ I^H [0047] ^lffl^©J|^SlT^±^ MSfcH, :iJ:;?o 
JStJiffiSn5^^U7K.}:»3Sbfc^^>K«5ig©^3i 20 ^H^A^p-AlGaNi'^':' H^©^iK:^ttJt:fT^'^i: 

iK©fi^V>S5s-r« ^Wf^Ofc^Xttffi^j, Ha ^ tC!^*ii65„ C<Dii§. p-GaNfcp-AlGaN 

fiXttNHj iS[M©:*:*iftS<fct:J;?)> ^^RIS&S©iiv^ ®^xD^ffi®JI3^H:. p-AlGaN©gjijS:^f^ 

ff®aoe»3!>*Si:ilS$©P®C:fcfcoT.'^>KffijiS J:t)^^^£v^mS (7 6 0'C) fcH, stfJ^^gSfifc-Iffffctv 

©gV>#®)S8©^AtiO, ;^>KffiitA*SitSg<b i:«:t3. A 1 GaNct>©IEJLiagdi;^igJ; 5 t.fi<fe 

[00 4 1] p-GaN3IMi:p~AlGaNi?^';^ [0 048] UiPbfiJEOiatC, ^-^OT^fJ^Ha © 

KJgi:©Wtc*b&#St©^PlSa:^ ^7^D|^ffit:ia2 0 MS©ieiilll±SSl^MCfT5ri:*snr|g-^^&, tfe; 

CjiSAt-S©*ilSlf5. IE?lA*85ia#ffiicStfc 30 ^i^^Jm^B^4^^t^z.ki3i<. AlG.aNfig^ 

%?te{i^®®t:i,'(t5i^R^©ffiS^^tc:*Sl:T=fiS-i& [0 0 4 9] ^t. ^KommoBmx-^^^VriS^^. 

t(©i:*;S, Hs ©Jiiai:iaK©±#t±AlGaN©j5E^tt3tCfTt>tl 

[0 0 4 2] El 6©p1iy€«il 2&@|9S8Si:U ± ?><DX. ^^rVTiSXIi» ^<DmU:ff:^<Dmd^. Al 

iWii^ ?>n§14 JB©^3tett^&M^T- 1 5 i -5 UT. G a N^^Si^fS ©tCi£JS)6:-^©lti^SiMIJ$L-C-e© 

-^^^^^^!&g^bfc^S&^2 nzmt, ifi^mm ^litS^£^gi□f^^^^J;^^o c:©fci&, 7 6 0"Cipe,l 10 

©^i^^5:v^gB^5■tc3^^^t;uT;^#';/ h4^©%3fctfwt|gs 0'Ctm:^iaS3C»^±#ts^^ jt:t:iJ'^2/-^;i/fig^^it3 

*ixS. ■ 40 Bf1-«^i:&<. ;!^PS®iU55:V^A 1 GaN©5E:S$M 

^igfil3§©E^lTigast^!I^)^ft^5®^^ ^^^jm cooso] zom^. um±mmKi e o'c-v^^l 

>^<ommt.tztii^^m^m^^mm. ^^m<oBtit feAicaNii, Me>{:t><D7^mt^ifim^<ox. 

eptsct. ^iz;fzm(om^ifif^mtt£^^niic^^<D jit<J;!J4>®<«;So tA*t. glgi^gp-AlGaN^' 

«BS©i^Pi6©^4^ElSLJ:5i:t-5ti®Tfe5* T\ |itKMff'i':^>©TSfi<bA*C©!*ftms®mi£g(t* 

[ 0 0 4 4 ] WT©^fflB?SO#SEli. CI i: C J; 5 ff fctl^ AlGaNi'?'^ KS©IE?L^t± 

3>i5'^' hjg^£j&fig^^,GaNj^W:^©liSSl±lf?i|i: J^©fiii::laimi-S. (SSTJ^MUfcA 1 Ga 
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to 0 5 1 ] ^Mit^^i^aDWW-^ 
CO 0 5 2J m2its Umt^^'^}T:^Xll2 

ro 0 5-31 .'tv vmrni^^n^^t^^^izMi^mz 

[0 0 5 4] c:©J:olc, fiS^^{^®tO#^ijiiSmeco 2C 
P - A 1 G a Njg4^T-ff t)n-5 Zki^X*) ifz.f!(^i^mifi^ 

f!|tiS^CprMfS&-¥^> GaNi:AlGaN 

C0 0 5 5] Mg-frtXi, Ga'i':^VSVN-f shVCD 

:t>ifi^ii^mtLxm^3h'^fint£. Ms^^xomm 

^Miy^tStm^fi^t^^^'t^. CCDCfctt. GaNfcA 30 
CO 0 5 63 bjJpLx Me^:i->1fii^m^iZ-^^^m^ 

10 0 5 71 ifzmmmifim'j^i-:s>c:tizxf). m^m^ 
(Dm^ifimmm^m:^ >; ^ h\:im^xm-'it^ti^^u 

&S4t:^^o 1212 1 lcit^T«^0*9-a3&S:*:#gtCfife 
0StlSo 40 
CO 0 5 8] Jtt±®-<&J:eiC, tt5l50GaNm^S¥<*: 

CO 0 5 9) JftiJ. ::^-ri^fiS?&Si:H:. iKmmmifi2 

m<Dnmizts^\x—mi^^^t^m^. ^<oHmm^m(o 

Sr^?Jt:^*n55(:BS®»Sr:R». CltiS AxTffilofc SO 
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tifiX^^. 

CO 0 6 0] jg^i:H, :^^^^fi®w#^(ii^^rLt,p 

-AlGaN^^^;. K^®^gt|3te^ief^H;35;<^ p 
. -GaN2gi8^®ftgS4itc^foT*)J:Vi, CO^^p- 
G a Nm^mt p - A 1 G a ^ 5; h"® t©7=^D|fl@ 

i&m^ti^. ittz^izwi.mvti(otm\:^mmx. p-g 

C0 0 6 n ifet^^5(::^-:3^>^%^(0^2cD^©?K 

CO 0 6 23 mxt£^siz^.-rj:^^. mmjzmtip- 

20 GaNi:p-AlGaNCD^7^D#®TfTl\ SEES 

©ti^m£p-Al GaN[^JT*^f5o c®j;-5t:-rn(^. 
fetotc. Ha fcGaN^®i:®m^5;^@sjSfcJ:SG 

coo 6 33 SfcHa 2SMOii*D^p-GaNi:p-A 
IGaNG'N-T^Plt^ST-^ft,^, $gS±#£p-AlGa 

m-t^tztifix^^o 

CO 0 6 43 ^fep-AlGaNi'^.;; KMOJ^^S^ ' 

CO 0 6 53 ^izm6iz^'^&:$i^m<Dm3or)mm(om. 
0 mmxitm,MWLm<D±^tH2 m.m^mtiui'^mm^^' 

«fc-5fc:-rn*S. P-A 1 GaNiJ'^y/ KJgfcp-GaN 

^>^^ hmtcD-^T'tinmT&moiKmcommit. p- 

GaN^^i:p-Ai GaNi'^s; KMi:co-N7^D^ 

^x^^WLmtK, mm^m^Qi^tzm-^izit^x^b^ < 

T^ZtifiXB^. 

CO 0 6 6] ^(Dmmit. AlGaNfiGaNtZtt-^T 
^kVp-AlGaN;i^<$:^Ha <of^m 
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[0 0 6 7} z(D:^m(DiKmt. nm<Di{s[mm^$ii 

t00 68] ^&m3©lli£Ofl5)S•ca:^ AlOaNi? 
iS^-^fiEg-f-SGaNii>^S'i?b®*T-M&:f*fi'R)ASS5 

[00 6 9] 1 -® 3 0mmco]&nrit. ±x g 

lt43(.^T> n-AlGaN^7yKJico±tn-Ga 

10 0 7 0] ms<Dmmommi:i(D^tz^oi^. aig 

aNSffiiiiSm. iiSHa »?EM®^H^cfT-GaNig^J: 
[0 0 7 1] bA»U *IB^*P^fll-e^Lfc^(±, 

[0 0 7 2] J:xEbfcJ;^C:*^TO^ fi£^l+©tt)t) 

[0 0 7 3] ^rzmi7imm3<omm<oBm'c^. ±r 

WUfctf. pSia)ipP.^ftt-5®^C*,^:^B90:)?i£& 

oi&-^i>mm^mmmi7hmm3<Dmm(Dmmx-!sm 

[0 0 7 4] ifetc07, laStS-S^. :$:%eg®^4® 
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(^Itf7■50T■feS**^ ^©i:&ia7£DT©t^-r<t-5 
[00 7 5] t-^ct'-^®V^5!£g©Na ^^r-V'';T:tf;^t 
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[0 0 8 7] LA^U ±g3bfcJ;^tJ55:S*t®£E:^j&T 
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[0 0 8 9] -l-J&fc-feiagjCig^-rJi^tx GaN^SUg 
tA 1 GaNi^^ KMi:<f ^7^n#®&te£E^f*J^T^£ 
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[0 102] 3:{^IS1 3. El 4t^S-:3&*^B^CDm7 
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X 1 O'^cm-'. m^O. 3>t£m) . p-GaN3>^' 
i^hmiO (Mgh'-T'. 1 X 1 0'"cm-', m^iu 
m) , S iOa 3tPe,)&3iteSiSl l^ Pt (5nm) / 40 
Ti (5 Onm) /P t (3 Onm) /An (1 0 On 
m) mmp'^^Ji^ pmmi^ 12 a, Ti/Au®pm 
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NMv77'M2 a(±5 5 O'CT-, n- G a N:3 v^'^^' h 
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77^8 a^-Ctt8 0 0'CoESt:-eix-e*iJ52:gU p 
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^^>YmB^mi 4M^-ro ^©LDtip-Ino.osA 
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&fflt%Ta^tf4r^i..^;t/fiE^Sff-=)fcc 40 
[0 1 143 ^8®^®?^,^®GaNm<b^^^3e{*: 
l^— tfi±^ U^V^iaSiiftS SmAT^Sr-MiK^iEb 
fco ^tSScgH:4 2 Onm, i&f^m£EB:5. 1 VT-^ 

5 0'C. 3 0mWS&f^t:iJ(tS3R?^^^t±5 00 0 
^Stl±^ 2 0-CA^e, 7 0"CiCiJ(J-5ffl5ferifi^Sgl41 
4 OdB/Hzl.^tTT-$.ofe„ 

CO 1 1 5] S8®|^®i&^<Z)LDtt, ^7®^® 
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A^T^So *&''^';'7rJS©Iniffijg££tiADbT, nffig 
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